US008769378B2

a2 United States Patent (10) Patent No.: US 8,769,378 B2
Yoo et al. 45) Date of Patent: Jul. 1, 2014
(54) CONTROLLER, A METHOD OF OPERATING 2007/0234143 A1* 10/2007 Kim .......oooveeininnnnnnnnnn, 714/718

THE CONTROLLER AND A MEMORY 2007/0277083 Al  11/2007 Van Acht et al.
SYSTEM 2009/0282305 Al1* 11/2009 Chenetal. ......covn.. 714/718
2010/0100763 Al*  4/2010 Chen ........cc.ccocvvvierrernnn.n, 714/6

_ . _ 2010/0162084 Al 6/2010 Coulson et al.
(75)  Inventors: Sung Joo Yoo, Pohang-si (KR); | 2010/0235715 Al* 9/2010 Thatcheret al. .............. 714/763
Nam-Wook Kang, Cheongju-si (KR); 2010/0287410 AL* 112010 Ti oo ieereccrrenenne 714/16
Chan Ik Park, Hwaseong-s1 (KR); 2011/0161727 Al*  6/2011 Leeetal. ..o 714/6.12
Hyun Jin Choi, Suwon-si (KR) 2011/0185251 Al* 7/2011 d’Abreuetal. ... 714/752
| 2011/0238629 Al* 9/2011 Postetal. ................. 707/674
(73) Assignee: Samsung Electronics Co., Litd., 2012/0144249 A1* 6/2012 Franceschinietal. .......... 714/54

Gyeonggi-do (KR)
FOREIGN PATENT DOCUMENTS
( *) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35 KR 100842680 B1 ~ 6/2008

U.S.C. 154(b) by 331 days. * cited by examiner

(21)  Appl. No.: 13/070,620

(22) Filed Mar 24. 2011 Primary Examiner — Albert Decady
1led: ar. 24,

Assistant Examiner — Enamul M Kabir

(65) Prior Publication Data (74) Attorney, Agent, or Firm — Harness, Dickey & Pierce,
US 2012/0216094 A1 Aug. 23, 2012 P.L.C.
(30) Foreign Application Priority Data (57) ABSTRACT
Feb. 22,2011 (KR) .o, 10-2011-0015477 _ _ _ _
The present disclosure provides a controller which comprises
(51) Int.Cl. a command generator configured to generate a command to
G11C 29/00 (2006.01) non volatile memory, and buifer configured to recerve a first
(52) U.S.CL data and a second data and configured to combine the first
USPC oottt 714/764  dataand the second data, an ECC unit configured to perform
(58) Field of Classification Search the ECC decoding. And the first page data may include at least
None one error bit corresponding to an error location table and the
See application file for complete search history. second page data may include at least one original bit which
can be replaced with the error bit. The buller may replace the
(36) References Cited at least one error bit with the said at least one original bit. The
error location table may save information of location for the

U.S. PATENT DOCUMENTS .
repeated error bit.

7,389,465 B2 6/2008 Radke et al.

7,979,737 B2* 7/2011 Lin ..o, 714/6.13
2005/0080986 Al1*  4/2005 Park .........ccoevviiirennnn, 711/103 15 Claims, 14 Drawing Sheets
10
ot
20
| —
25 Memory Device 21
et
30 Mamory Cell Array
p
A P
Memory Controller 25 |
Command . - .
31~ Generator | : Block |
3
o Fage 1
32 1 Buffer -
DE: Page n
33— ECC Unit DATA _ ) ook
33-1 4 ECC Encoding
' Unit
Page 1
_ ECC Decoding |
33-2 Unit YT
Page Register & S/A
2';1 ] 29
94 Micro ~
Processor |70 Buffer




U.S. Patent Jul. 1,2014 Sheet 1 of 14 US 8,769,378 B2

FIG. 1
10
r,_./
20
25 Memory Device 21
30 Memory Cell Array
| Page n
Memory Controller “
Command . . .
3 Generator . . Block |
a
Q .f
S Page 1
32 Bufter 0
c% Page n
1
33 FCC Unit DATA : |
- _ | . Block |
Unit
- ' Page 1
330 ECC [L)J?](i:todlng|
Page Register & S/A

29
2/ | 2

34 Micro '
Processor /0 Buffer l




U.S. Patent Jul. 1,2014 Sheet 2 of 14 US 8,769,378 B2

FI1G. 2

2

’/-/

Main(Data) Fjegion(21 -1) Spare Region(21-—-—2)

"\

ECC -

Block |

Spare Page(21-3

Block |

s O @9
e
o



U.S. Patent Jul. 1,2014 Sheet 3 of 14 US 8,769,378 B2

FIG. 3A

Spare nge(21-—-3)

e " " ™y

ORIGINAL DATA Frror Location Table

21-4 21-5

FIG. 3B

Spare Page(21-3)

FIRST ECC DATA Error Location Table

21-4° 21-5'

il e



U.S. Patent Jul. 1,2014 Sheet 4 of 14 US 8,769,378 B2

FIG. 4
Start Read
S40~— Perform ECC Decoding
.
341 Check # of Errors and

Location of Errors

# of Error
Occurring >
Reference

NO

YES

] Upaate the Error Fnd Read FSM

543 —— Location into the Error
Location Table

846~/~‘ End Read I



US 8,769,378 B2

Sheet 5 of 14

Jul. 1, 2014

U.S. Patent

F1G.5

2

_ k
L
P T N il S il 5 A 5
W = = = = = = 5 O

Lo
“\
Jop0o8(] MOYH

27



U.S. Patent

Jul. 1, 2014 Sheet 6 of 14
FIG 6A
Start Read
B 1
i i S60
Apply Read Command S61

Receive the First Page Data 360
and the Second Page Data

Combine(or Merge) the First 363
Page and the Second Data

Apply the Combined
Data to ECC

End Read I’» S65

S64

US 8,769,378 B2



U.S. Patent

Jul. 1, 2014 Sheet 7 of 14
FI1G. 6B
Start Read
B 1
i ¥ S60

S61

Apply Read Command

l Receive the First Page Data

and the Second Page Data S67

Correct the Errors in the
First Page using the
Second Page Datal1st ECC]

S68

Apply the Corrected
First Page Data to 2nd ECC

‘ End Read I‘v870

o069

US 8,769,378 B2



U.S. Patent Jul. 1,2014 Sheet 8 of 14 US 8,769,378 B2

FI1G. 7

Buffer

1

7
RN R L) KA EA R s
/ N\ /" \ Page Data
E*fror | ocation Table I
72
L L] e
Page Data




U.S. Patent Jul. 1,2014 Sheet 9 of 14 US 8,769,378 B2

FIG &

33
331

33—3 33—-4
— —

First Second

ECC ECC
Encoding Encoding

Unit Unit

33—2

33-5 33—6
— ~
| First f Second
FCC ECC
Decoding Decoding

Unit Unit




U.S. Patent Jul. 1,2014 Sheet 10 of 14 US 8,769,378 B2

FI1G. 9

Start Program

380 ----{ Load the Error Location Table ]

L R I L I mniwriririvis AP TR

o8 1

Check
the Data Location

Corresponding to the
Error Location

Table

NO

YES

Program First Page Data Program First 583

582~ and Spare Page Data Page Data

End Program



U.S. Patent Jul. 1,2014 Sheet 11 of 14 US 8,769,378 B2

Fi1G. 10
% 100
120 130
— o
Radio .
Transceiver Display
110
J—

Processor

140
=

. l Memory
iInput Device Controller

FIG. 11
200
30 20
o~ ~
Memory | Flash
Controller Memory

S

Input Device l



US 8,769,378 B2

U.S. Patent Jul. 1,2014 Sheet 12 of 14
FIG. 12
300
310 30
o~
DATA ~ DATA
== Memory >
Coniroller
Card
HOST < Interface 3?5
|
ey Buffer M e — )
ADDRESS LR emon l ADDRESS
FIG. 13
400
410
,,..J
DATA Memory DATA
Controller
Card 425 4206
HOST < |nterface = :
Ruffer Address
—_— ) Traslation| | ==
LOGICAL ~| | Memory | “rpie || | PAYSICAL
ADDRESS ADDRESS

Non-
Volatile
Memory



U.S. Patent Jul. 1,2014 Sheet 13 of 14 US 8,769,378 B2

FIG. 14
500

30 20
- ~

Memory ~-lash
Controller Memory

530
r"/
Display l
FIG. 15
600
650 6510 20
o~ o’ —
Memory
Device CPU
601
- ~lash
Memory

_ . HOST ECC Memory
AOST<——F—  |F l Block l | Controller

640 630 30



U.S. Patent Jul. 1,2014 Sheet 14 of 14 US 8,769,378 B2

FIG. 16
HOST
o
l 30
/
Memory
Controller
201 20-2 20—m
— —~
Flash Flash Flash
Memory Memory Memory
FIG. 17
800
810
,,_,.J
Memory System 700-1
@ Memory System 700-2
O
HOST <= 8
-
<
(e

Memory System 700-n




US 8,769,378 B2

1

CONTROLLER, A METHOD OF OPERATING
THE CONTROLLER AND A MEMORY

SYSTEM

CROSS-REFERENCE TO RELAT
APPLICATION

s
w

This application claims priority under 35 U.S.C. §119(a)
from Korean Patent Application No. 10-2011-00154°77 filed
on Feb. 22, 2011, the disclosure of which 1s hereby incorpo-
rated by reference 1n 1ts entirety.

BACKGROUND

NAND flash memories, especially MLC (Multi Level Cell)
NAND Flash use the spare region to 1 order to solve reliabil-
ity problems with high bit error rate. Spare region may
include Error Correction Code (ECC) and redundant column
which can replace at least error bit cell. In case of MLC
NAND Flash, while the memory becomes high capacity such
like 3 bits or 4 bits per cell, the bit error rate may be increased.
Thus, the memory needs more space region, and the main
region capability may be reduced. In case that the error bits
which may not be solved with ECC or redundant column, a
block having the error may be registered as a bad block. The

bad block will not be used any more. Therefore the storage
capacity of MLC NAND flash may be reduced.

SUMMARY

According to an exemplary embodiment, a controller com-
prises a command generator configured to generate a com-
mand to non volatile memory, buffer configured to receive a
first data and a second data and configured to combine the first
data and the second data, an ECC umit configured to perform
the ECC decoding, wherein the first page data includes at
least one error bit corresponding to an error location table and
the second page data includes at least one original bit which
can be replaced with the error bit. The buifer may replace the
at least one error bit with the said at least one original bit and
the error location table saves a location for the repeated error
bit.

According to another exemplary embodiment, A method
for operating a controller which controls nonvolatile memory
comprises a step of applying a read command to non-volatile
memory, recerving a first page data and a second page data
from the non-volatile memory 1n response to the read com-
mand, combining the first page data and apportion of the
second data page referring to a error location table, and per-
forming an ECC decoding using the combined data. The first
page data includes at least one error bit corresponding to an
error location table and the second page data includes at least
one original bit which can be replaced with the error bit. The
first page data and the second page data are recerved from
different pages. The combining steps may replace at least one
error 1n the second page with at least the original bit 1n the
second page.

According to another exemplary embodiment, a controller
which controls a non volatile memory device, comprises an
command generator 1s configured to generate an read com-
mand which 1s applied to memory device, an ECC unit 1s
configured to recerve the first data including at least one error
bit corresponding to an error location table and the second
data including the first ECC data corresponding to the first
page error bit, the ECC unit 1s configured to correct the first
page error bit using the first ECC data. The first ECC may use
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Reed-Solomon (RS) code and the second ECC may use Bose-
Ray-Chaudhuri-Hocquenghem (BCH) code.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of example
embodiments will become more apparent by describing in
detail example embodiments with reference to the attached
drawings. The accompanying drawings are intended to depict
example embodiments and should not be interpreted to limat
the intended scope of the claims. The accompanying draw-
ings are not to be considered as drawn to scale unless explic-
itly noted.

FIG. 1 1s a block diagram of a memory system according to
an example embodiment.

FIG. 2 shows detailed description of memory cell array 21
illustrated 1n FIG. 1.

FIGS. 3a and 3b 1llustrate a configuration of spare page.

FIG. 4 shows a flow chart which describes the process of
creating an error location table.

FIG. 5§ shows the error bit location corresponding to the
error location table.

FIG. 6 A shows a tlow chart illustrating a method of oper-
ating a controller according to an example embodiment.

FIG. 6B 1s a flow chart illustrating a method operating a
controller including use of additional ECC data according to
an example embodiment.

FIG. 7 shows a combing process based on 6A.

FIG. 8 shows block diagram of ECC unit 33 based on FIG.
6B.

FIG. 9 illustrates a flow chart illustrating a method pro-
gramming the original data or first ECC data according to an
example embodiment.

FIG. 10 shows a block diagram of an electronic device
including the non-volatile memory device according to an
example embodiment of the present invention.

FIG. 11 shows a block diagram of an electronic device
including a non-volatile memory device according to another
example embodiment of the present invention.

FIG. 12 shows a block diagram of an electronic device
including a non-volatile memory device according to still
another example embodiment of the present invention.

FIG. 13 shows a block diagram of an electronic device
including a non-volatile memory device according to still
another example embodiment of the present invention.

FIG. 14 shows a block diagram of an electronic device
including a non-volatile memory device according to still
another example embodiment of the present invention.

FIG. 15 shows a block diagram of an electronic device
including a non-volatile memory device such as a flash
memory device according to still another example embodi-
ment of the present disclosure.

FIG. 16 shows a block diagram of an electronic device
including a non-volatile memory device according to still
another example embodiment of the present invention.

FIG. 17 shows a block diagram of a data processing system
including an electronic device 1llustrated 1n FIG. 16.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

Detailed example embodiments are disclosed herein. How-
ever, specific structural and functional details disclosed
herein are merely representative for purposes of describing,
example embodiments. Example embodiments may, how-
ever, be embodied 1n many alternate fauns and should not be
construed as limited to only the embodiments set forth herein.
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Accordingly, while example embodiments are capable of
various modifications and alternative fauns, embodiments
thereol are shown by way of example 1n the drawings and will
herein be described 1n detail. It should be understood, how-
ever, that there 1s no intent to limit example embodiments to
the particular forms disclosed, but to the contrary, example
embodiments are to cover all modifications, equivalents, and
alternatives falling within the scope of example embodi-
ments. Like numbers refer to like elements throughout the
description of the figures.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first ele-
ment, without departing from the scope of example embodi-
ments. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed 1tems.

It will be understood that when an element 1s referred to as
being “connected” or “coupled” to another element, 1t may be
directly connected or coupled to the other element or inter-
vening elements may be present. In contrast, when an element
1s referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present. Other words used to describe the relationship
between elements should be interpreted 1n a like fashion (e.g.,
“between” versus “directly between™, “adjacent” versus
“directly adjacent”, etc.).

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of example embodiments. As used herein, the singu-
lar forms “a”, “an’ and *“the” are intended to include the plural
fauns as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”,

“comprising,”, “includes” and/or “including”, when used
herein, specily the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

It should also be noted that in some alternative implemen-
tations, the functions/acts noted may occur out of the order
noted 1n the figures. For example, two figures shown in suc-
cession may 1n fact be executed substantially concurrently or
may sometimes be executed 1n the reverse order, depending,
upon the functionality/acts mvolved.

FI1G. 11s a block diagram of a memory system according to
an example embodiment.

Referring to FIG. 1, a memory system 10 generally com-
prises a memory device 20 and a memory controller 30. The
memory device 20 may mean non volatile memory.

The memory device 20 includes a memory cell array 21, a
row decoder 25, an access circuit 27, and an input/output
(I/O) butfer 29. The memory device 20 may further include
other components (not shown) required to communicate (i.e.,
send and/or receive) data with the controller 30.

The memory cell array 21 of FIG. 1 1s divided into a
plurality of pages 1 to n, where “n” 1s a natural number. Each
one of the plurality of pages may include a main region and a
spare region as shown 1n FIG. 2. Each main region includes a
plurality of word lines, a plurality of bit lines, and a plurality
ol non-volatile memory cells respectively connected between
the word and bit lines and configured to store page data. Each
spare region also includes a plurality of word lines, a plurality
of bit lines and a plurality of non-volatile memory cells, but
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the memory cells are configured to store error check bits
associated with at least a portion of the page data stored in the
corresponding main region.

The plurality of non-volatile memory cells (hereinafter
individually or collectively referred to as “the memory cell”)
incorporated within the memory array 21 may be, for
example, FElectrically Erasable Programmable Read-Only

Memory (EEPROM), NAND flash memory, NOR flash
memory, Magnetic RAM (MRAM), Spin-Transfer Torque
MRAM, Conductive bridging RAM (CBRAM), Ferroelec-
tric RAM (FeRAM), Phase Change RAM (PRAM), Resistive
RAM (RRAM or ReRAM), Nanotube RRAM, Polymer
RAM (PoRAM), Nano Floating Gate Memory (NFGM),
holographic memory, Molecular Electronics Memory Device
or Insulator Resistance Change Memory. Each one of the
plurality of non-volatile memory cells may be configured to
store a single bit of data or a plurality of bits.

The row decoder 25 1s configured to supply at least one
voltage to at least one word line among a plurality of word
lines 1n the memory array 21 to execute a program operation,
a write operation, a read operation, or an erase operation by
decoding a row address received from the memory controller
30. A column decoder (not shown) may similarly supply at
least one voltage to at least one bit line among a plurality of bat
lines 1n the memory array 21 to execute the program opera-
tion, write operation, read operation or erase operation.

The access circuitry 27 1s configured to communicate data
between the memory array 21 and the I/O circuit 29 during a
page read operation or a page program operation. The access
circuitry 27 will generally and as conventionally understood
includes a page register (not shown) and a sense amplifier (not
shown). The access circuit 27 may perform a program opera-
tion or a read operation on page basis using the page register
and/or a sense amplifier. In contrast, an erase operation may
be performed on block basis, where a block includes a plu-
rality of pages.

The access circuitry 27 1s commonly referred to as a page
buifer within example embodiments. The I/O butifer 29 1s
configured to communicate data between the access circuit 27
and the memory controller 30. The access circuit 27 may
provide “read data™ to the I/O builer 29 as a result of perform-
ing a read operation. Analogously the access circuit 27 may
hold “write data™ received from the I/O buifer 29 during a
program operation. The read data or write data will include a
plurality of bits, e.g., a number of bits defined by the page
S1ZE.

The memory controller 30 may include a command gen-
erator 31, an ECC (Error correction code) unit 33, a buifer 32
and microprocessor 34.

A command generator 31 may generate the command
applied to memory device 21. A command generator 31 may
generate at least one command for memory device to perform
read operation, programming operation, or erase operation
and apply at least one command to a memory device 21.

An ECC (error correction code) unit 33 may detect an error
location among read data from a memory device 21 and may
perform the error correction algorithm. ECC unit may include
an ECC decoding unit (33-2) and ECC encoding unit (33-1).

An ECC encoding unit (33-1) may encode data to be pro-
grammed and form (produce/create) an ECC data (1.e. parity
bit) or metadata. ECC data generally may be stored to the
spare region (21-2) in FIG. 2.

ECC decoding unit 33-2 may detect the error location and
correct the error bit using the ECC data.

A butfer 32 may be volatile memory such as DRAM and
include a buifer memory controller. The buffer 32 may store
data to be sent to a memory device 20 or data received from
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memory device 20. The buffer 32 may also combine the data
from memory device 21. According to an exemplary embodi-
ment of this invention, the buffer 32 may combine a first page
data and a second page data.

A microprocessor (34) may generally control an operation
of a memory system 10. The microprocessor control can
include, for example, software type of control, such as firm-
ware which can operate under control of the microprocessor

34.

FIG. 2 shows a detailed description of memory cell array
21 illustrated 1n FI1G. 1. Referning to FIG. 1 and FIG. 2, block

1 1mncludes a plurality of pages and each page includes a main
data region 21-1 and a spare region 21-2. A main data region
may store main data recerved from a memory controller 30.
The page having main data 22-1 may perform the read opera-
tion and programming operation (“first page™).

In case of a MLC (mult1 level cell), bit error rates may be
increased while the number of bits to be programmed to one
cell 1s increased. Therefore an unrecoverable error bit may
occur even 1 memory device 20 uses spareregion 21-2. When
the unrecoverable error bit occurs in memory device 20, that

block may be designated as a bad block, and the bad block
may not be used any more. In that case, a capability of
memory storage may be reduced. Accordingly, example
embodiments may be used to correct the error bit which
repeatedly occurs using a different method from spare region
21-2.

FIG. 3a illustrates spare page 21-3. Spare page 21-3 (or
second page) may store an error location table. An error
location table may include information of memory cell’s
location which may produce the repeatedly occurring error
bits (“error location”).

Spare page 21-3 (or second page) may have a different page
address from the address of read command received page
(“first page”) and be located 1n a same block including the
read page or different block from the block including the read
page.

Referring to FI1G. 3a, spare page 21-3 may store an original
data 21-4 which can be used to replace the error bits found 1n
the location corresponding to the error bit location table 21-5.
Thus the error bits are corrected.

Referring to FIG. 3b, spare page 21-3 may alternatively
store ECC data 21-4' corresponding to the error bits corre-
sponding error location table. (“the first ECC data; 21-4").
Thus the error bits corresponding to the error location table
may be corrected using the first data. FIG. 4 shows a flow
chart which describes the process of making an error location
table.

Referring to FIG. 1 through FIG. 4, memory controller 30
may apply aread command to memory device 20. In response
to the read command, memory controller 30 may receive data
from the memory device 20. ECC decoding unit 33-2 may
perform ECC decoding to check whether the data received
from memory device includes an error (S40), and check the
error location and number (S41).

If the data includes an error bit, microprocessor 34 may
compare the number of error bits occurring in the specific
location with a reference number (S42).

If the number of error bits occurring 1s smaller than the
reference number, information that includes a location of the
error bit and the number of times the error bits occurs 1s stored
in the spare region 21-2 or spare page 21-3 under control of
microprocessor 34. Then the read operation 1s finished (S44).

But, if the number of error bit occurring 1s bigger than the
reference number, the location of the error bit 1s stored to an
error location table under control of microprocessor 34 (S43),
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and the error location table 1s stored in the spare page 21-3.
Then the read operation 1s finished (S46).

In other words, whenever the read operation 1s performed
in response to the read command, the microprocessor stores
the error bit location and the number of error bits occurring
associated with the error bit location, and compares the num-
ber of error bits occurring with the reference number. The
location where the number of repeatedly occurring error bits
1s more than the reference number 1s updated to the error
location table. The updated error location table may be stored
to the spare page 21-3 under control of microprocessor 34.
The error location table can be used as an index for finding the
repeated error bit, or a location at which error bits are expe-
rienced repeatedly, and provide with the location of the
repeated error bits.

Referring to FIG. 5, the error location table may identily
locations of error bits 1n a string of the same column. The
same column may have a plurality of memory cells connected
to one bit line 50. The mark ‘X’ 51 indicates the error bit
locations 1n the same column. In this case, the error location
table may store the error bit locations of the error bits 1n the
same column.

FIG. 6A shows a flow chart illustrating a method of oper-
ating a controller according to an example embodiment.

Referring to FIG. 6 A, memory controller 30 may apply a
read command to memory device 21 (S61). In response to the
read command, memory device 21 may perform the read
operation, and memory controller 30 may recerve the first
page data and the second page data (S62). The first page data
may 1include at least one error bit corresponding to error
location table 21-5. And the second page data may include
original data 21-4 which can be used to replace the error bits
found 1n the location corresponding to the error bit location
table 21-5. The second page may be spare page. The first page
and second page are different pages which may be located 1n
the same block or different block.

The memory controller 30 may store the recerved first page
data and second page data in the butier 32. And the butfer 32
1s configured to combine the first page data and the second
page data through the replacement. Therefore the first page
data and the second page data can be combined in the buffer
32 and the combined first page data may be formed (S63).
Thus the error bits corresponding to the error location table
may be corrected.

The combined first page data may include error bits which
are not corresponding to the error location table. Therefore,
ECC unit 33 may perform ECC decoding for combined first
page (S64). Atthat time, BCH code, for example, may be used
tor ECC decoding, but, it 1s not limited to BCH code.

After ECC decoding, the read operation 1s finished (565).

This embodiment can improve the error correction capa-
bility for the read operation page. For example, assume that
said ECC capability 1s 20 bit and there are 5 error bits corre-
sponding to the error location table, memory controller 30
may correct up to 25 bits when memory controller 30 uses the
original data in the spare page 71.

Reterring to FIG. 7, the buffer 32 replaces the error bits 1n
the first page data with the original data in the second page
data 72 referring to the error location table.

Referring to S60, the error location table 1s loaded before
applying the read command. However, this 1s only one
example, and different arrangements are possible. For
example, the error location table can be loaded after applying
read command (561), or after recerving data (S62).

If there 1s no error bit corresponding to the error location
table, ECC decoding 1s performed for the received first data
and the read operation 1s finished (not shown).
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FIG. 6B shows a flow chart illustrating a method of oper-
ating a controller including us of additional ECC data accord-
ing to example embodiments.

Referring to FIG. 6B, steps S60 and S61 are the same as
FIG. 6A.

Referring to S67, memory controller 30 may receive the
first page data and the second page data in response to the read
command. The first page data includes at least one error bit
corresponding to the error location table same as FIG. 6aq.
Further, the second page data may 1nclude the first ECC data
corresponding to at least one error bit 1n the first page. The
second page data can be stored 1n the spare page. Same as
FIG. 6A, the first page and the second page are different pages
which may be located 1n the same block or different block.

FIG. 8 shows block diagram of ECC unit 33 based on FIG.
65. The ECC unit 33 may be divided to two parts, ECC
encoding unit 33-1 and ECC decoding unit 33-2. The ECC
decoding unit 33-2 may be divided to two parts, first ECC
decoding unit 33-5 and the second ECC decoding unit 33-6.

According to FIG. 8, the first ECC encoding unit (33-3)
performs error correction encoding the data corresponding to
the error location table among the data from a outside host via
host 1/0. And the first ECC encoder (33-3) forms the data
added the parity bit. The data comprising parity bit may be
stored to the second page of memory device (20).

According to FIG. 8, the first decoding unit (33-5) per-
torms the error correction decoding the data corresponding to
error location table. The first decoding unit decide whether
error correction 1s passed or failed according to a decoding
result. And the first decoding (33-5) umit may correct the error
bits using the parity bit.

According to FIG. 8, the second ECC encoding unit (33-4)
performs error correction encoding the data, which are not
related to the error location table among the data from a
outside host via host I/O. And the second ECC encoding unit
(33-4) forms the data added the parity bit. The data compris-
ing parity bit may be stored to the spare area of the first page
or the second page of memory device (20).

According to FIG. 8, the second decoding unit (33-6) per-
forms the error correction decoding the data which are not
related to the error location table. The second decoding unit
(33-6) may decide whether error correction 1s passed or failed
according to the decoding result. And the second decoding
unit may correct the error bits using the parity bit.

According to FIG. 8, the ECC unit (33) may include the
circuitry, system, or device 1n order to correct the error bait.

Referring to FI1G. 656 and FI1G. 8, ECC unit 30 may receive
the first page data and the second page data. As mentioned
betore, the second page data may include the first ECC data
and the first ECC decoding unit 33-5 may perform ECC
decoding using the first ECC data (“first ECC decoding”).
And the first page error bit corresponding to the error location
table may be corrected.

The first ECC decoding may use, for example, RS code,
turbo code, Convolution code. But, 1t 1s not limited to these
one.

Referring to S68, the error bits corresponding to the error
location table may be corrected. But, the error bits which are
not corresponding to the error location table are not corrected.
Accordingly, the first page data corrected using first ECC
decoding 1n S68 goes to the second ECC decoding unit 33-6.
The second ECC decoding unit may correct error bits in the
corrected first page data (S69). The second ECC decoding
may use BCH code which may be useful for the randomly
occurred error bits. But, 1t 1s not limited.

And the read operation 1s finished after second ECC decod-
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By using the first ECC data corresponding to error location
table which may include the information of repeated error
bits, error correction capability may be dramatically
improved and prevent an overload of ECC unit 33. The first
ECC data may occupy smaller space than the original data. It
may help keep storage capability of non volatile memory.

The memory controller 30 may store the original data and
the first ECC data in the second page (spare page) and use
either method among two methods. For example, when the
number of repeated error bits 1s big, the memory controller 30
may correct the error bits using the first ECC data. On the
other hand, when the number of repeated error bits 1s small,
the memory controller 30 may replace error bits with the
original data stored in the second page and correct the error
bits.

FIG. 9 illustrates a flow chart of programming the original
data or first ECC data. Microprocessor 34 may make (set up)
the error location table which may include information of
repeated error bits while the read operation 1s performed.

Memory controller 30 may generate and apply the program
command to memory device 32 on a page basis. Memory
controller 30 may load the error location table (S80) and
check whether there are the data and data location corre-
sponding to error location table among data to be pro-
grammed (S81). If there 1s no error bit data corresponding to
error location table, memory controller 30 apply the program
command to the first page in the memory device (583). And
after the first page data programming, program operation 1s
fimshed. The first page data 1s data to be programmed to
memory device 32.

If the error bit location 1s found, memory controller 30
makes the original data corresponding to the error location
table programmed 1n the second page (or spare page). The
first page data means data to be programmed to memory
device 32. Or the first ECC unit 33-3 performs the first ECC
encoding using the data corresponding to the error location
table, and memory controller 30 may order the first ECC data
to be programmed 1n the second (spare) page (S82). And both
the first page data and the second page data are programmed
and then program operation 1s finished. As mentioned before,
the first page and the second page are physically different
pages.

FIG. 10 shows a block diagram of an electronic device
including the non-volatile memory device according to an
example embodiment of the present invention.

Referring to FIG. 10, an electronic device 100, for
example, a cellular phone, a smart phone or a tablet PC may
include a non-volatile memory device 20, which may be
embodied 1n a flash memory device, and a memory controller
30, which may control an operation of the non-volatile
memory device 20.

Thenon-volatile memory device 20 and memory controller
30 illustrated 1n FIG. 10 may be the non-volatile memory
device 20 and memory controller 30 illustrated 1n FI1G. 1. The
memory controller 30 i1s controlled by a processor 110 con-
trolling a whole operation of an electronic device 190.

Data stored 1n the non-volatile memory device 20 may be
displayed through a display 130 according to a control of the
memory controller 30 operating according to a control of the
processor 110.

A wireless transceiver 120 may transmit or recerve a wire-
less signal through an antenna ANT. For example, the wire-
less transceiver 120 may convert a received wireless signal
received through the antenna ANT to a signal which the
processor 110 may process. Accordingly, the processor 110
may process a signal output from the wireless transceiver 120,
and store a processed signal in the non-volatile memory
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device 20 through the memory controller 30 or display the
processed signal through the display 130.

The wireless transcerver 120 may convert a signal output
from the processor 110 to a wireless signal and output a
converted wireless signal to the outside through the antenna
ANT.

An mput device 140 1s a device which may input a control
signal for controlling an operation of the processor 110 or
data to be processed by the processor 110, and 1t may be
embodied 1in a pointing device such as a touch pad and a
computer mouse, a keypad or a keyboard.

The processor 110 may control the display 130 so that
display data output from the non-volatile memory device 20,
a wireless signal output from the wireless transceiver 120 or
data output from the mput device 140 may be displayed
through the display 130.

FIG. 11 shows a block diagram of an electronic device
including a non-volatile memory device according to another
example embodiment of the present invention.

Referring to FI1G. 11, an electronic device 200, which may
be embodied 1n a data processing device, for example a per-
sonal computer PC, a tablet computer, a net-book, an
e-reader, a personal digital assistant, a portable multimedia
player, a MP3 player or a MP4 player, includes a non-volatile
memory device 20 such as a flash memory device and a
memory controller 30 controlling an operation of the non-
volatile memory device 20. The non-volatile memory device
20 and memory controller 30 illustrated 1n FIG. 11 may be the
non-volatile memory device 20 and memory controller 30
illustrated 1n FIG. 1.

The electronic device 200 may include a processor 210 for
controlling a whole operation of the electronic device 200.
The memory controller 250 1s controlled by the processor
210.

The processor 210 may display data stored in the non-
volatile memory device 20 through the display 230 according,
to an mput signal generated by the input device 220. For
example, the input device 220 may be embodied 1n a pointing
device such as a touch pad or a computer mouse, a keypad or
a keyboard.

FIG. 12 shows a block diagram of an electronic device
including a non-volatile memory device according to still
another example embodiment of the present invention.

Referring to FIG. 12, an electronic device 300 includes a
card interface 310, a memory controller 30 and a non-volatile
memory device 20, e.g., a flash memory device. The non-
volatile memory device 20 and memory controller 30 illus-
trated in FI1G. 12 may be the non-volatile memory device 20
and memory controller 30 illustrated in FIG. 1.

The electronic device 300 may transmit or receive data
with a host through the card interface 310. According to an
example embodiment, the card iterface 310 may be a secure
digital (SD) card interface or a multi-media card (MMC)
interface, however, it 1s not restricted thereto. The card inter-
face 310 may interface a data exchange between the host and
the memory controller according to a communication proto-
col of the host which may communicate with the electronic
device 300.

The memory controller 320 may control a general opera-
tion of the electronic device 30 and control a data exchange
between the card interface 310 and the non-volatile memory
device 20. In addition, a bufifer memory 325 of the memory
controller may buffer data exchanged between the card inter-
face 310 and a non-volatile memory device 330.

The memory controller 30 1s connected to the card inter-
face 310 and a non-volatile memory device 60 through a data
bus and an address bus. According to an example embodi-
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ment, the memory controller 30 receives an address of data to
read or to write from the card interface 310 through the
address bus and transmits it to the non-volatile memory
device 20.

In addition, the memory controller 30 receives or transmits
data to read or to write through a data bus connected to each
of the card interface 310 and the non-volatile memory device
20. When an electronic device 300 of FIG. 12 1s connected to
a PC, a tablet PC, a digital camera, a digital audio player, a
cellular phone, a console video game hardware or a host such
as a digital set-top box, the host may transmit or receive data
stored 1n the non-volatile memory device 20 through the card
interface 310 and the memory controller 30.

FIG. 13 shows a block diagram of an electronic device
including a non-volatile memory device according to still
another example embodiment of the present invention.

Referring to FIG. 13, an electronic device 400 includes a
card interface 410, a memory controller 30 and a non-volatile
memory device 20, e.g., a tlash memory. The non-volatile
memory device 20 and memory controller 30 illustrated in
FIG. 13 may be the non-volatile memory device 20 and
memory controller 30 illustrated 1n FIG. 1.

An electronic device 400 may perform a data communica-
tion with a host through a card interface 410. According to an
example embodiment, the card interface 410 may be a SD
card interface ora MMC interface, however, 1t 1s not restricted
thereto. The card interface 410 may perform a data commu-
nication between a host and a memory controller 30 accord-
ing to a communication protocol of a host which may com-
municate with the electronic device 400.

The memory controller 30 may control a general operation
of the electronic device 400 and control a data exchange
between the card interface 410 and the non-volatile memory
device 20.

Moreover, a butler memory 4235 included in the memory
controller 30 may store various data to control a general
operation of the electronic device 400. A buifer memory 1n
the memory controller 30 may be connected to the card inter-
face 410 and the non-volatile memory 20 through a data bus
and a logical address bus.

According to embodiments, the memory controller 30 may
receive an address of a read data or a write data from the card
interface 410 through a logical address bus, and transmiut 1t to
the non-volatile memory device through a physical address
bus.

Additionally, the memory controller 30 may receive or
transmit a read data or a write data through a data bus con-
nected to each of the card interface 410 and a non-volatile
memory 60. According to embodiments, the memory control-
ler 30 of the electronic device 400 may include an address
translation table 426 1n a buffer memory 425. In the address
translation table, a logical address input from outside and a
logical address for accessing to the non-volatile memory 20
may be included. During a write operation, the memory con-
troller 30 may write a new data in a certain physical address
and update the address translation table.

The memory controller 30 may select a physical address

performing a read operation as well as a write operation from
the address translation table 426 by referring to a physical
address of data where a write operation 1s performed.
The memory controller 30 may perform the write operation
and the read operation at the same time and update the address
translation table 426 according to the write operation and the
read operation. Accordingly, an operation time of the elec-
tronic device 400 may be reduced.

When the electronic device 400 of FIG. 13 1s connected to
a PC, a tablet PC, a digital camera, a digital audio player, a
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cellular phone, a console video game hardware or a host such
as a digital set-top box, the host may transmit or receive data
stored 1n the non-volatile memory 20 through the card inter-
face 410 and the memory controller 420.

FIG. 14 shows a block diagram of an electronic device
including a non-volatile memory device according to still
another example embodiment of the present mvention.

Referring to FIG. 14, an electronic device 500 includes a
non-volatile memory device 20 such as a flash memory
device, a memory controller 30 for controlling a data process-
ing operation ol the non-volatile memory device 20, and a
processor 310 controlling a general operation of the elec-
tronic device 500. The non-volatile memory device 20 and
memory controller 30 illustrated in FIG. 14 may be the non-

volatile memory device 20 and memory controller 30 1llus-
trated in FI1G. 1.

An image sensor 520 of the electronic device 500 converts
an optical signal ito a digital signal, and 1s stored 1n the
non-volatile memory device 20 or displayed through the dis-
play 530 under a control of the processor 510. In addition, a
digital signal stored i1n the non-volatile memory device 20 1s
displayed through the display 330 under a control of the
processor 510.

FIG. 15 shows a block diagram of an electronic device
including a non-volatile memory device such as a flash
memory device according to still another example embodi-
ment of the present invention.

Referring to FIG. 15, an electronic device 600 includes a
non-volatile memory device 20 such as a flash memory
device, amemory controller 30 for controlling an operation of
the non-volatile memory device 20, and a CPU 610 control-
ling a general operation of the electronic device 600. The
non-volatile memory device 20 and memory controller 30
illustrated in FIG. 10 may be the non-volatile memory device
20 and memory controller 30 illustrated 1n FIG. 1.

The electronic device 600 includes a memory 650 which
may be used as an operation memory of the CPU 610. The
memory 650 may be embodied 1n a non-volatile memory such
as a ROM or a volatile memory such as a DRAM.

A host connected to the electronic device 600 may transmit
or receive data to/from the non-volatile memory device 20
through the memory controller 30 and a host interface 640.
Here, the memory controller 30 may perform a function of a
memory 1nterface, e.g., a flash memory interface. The
memory controller 650 may determine 11 a read operation on
data imitially output from the memory cell array 21 during a
current read operation 1s successiul, and change aread param-
eter necessary for a next read operation in advance even
though the read operation 1s successtul.

The electronic device 600 according to embodiments may
turther include an error correction code (ECC) block 630. The
ECC block 630 operating according to a control of the CPU
610 may detect and correct an error included 1n data read from
the non-volatile memory device 20 through the memory con-
troller 650.

The CPU 610 may control a data exchange among the
memory controller 650, the ECC block 630, the host interface
640 and a memory 650.

The electronic device 600 may be embodied in a universal
serial bus (USB) memory drive or a memory stick.

FIG. 16 shows a block diagram of an electronic device
including a non-volatile memory device according to still
another example embodiment of the present mnvention.

Referring to FIG. 16, an electronic device 700 may be
embodied 1n a data storage device such as a solid state drive

(SSD).
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The electronic device 700 may include a plurality of non-
volatile memory devices 20-1 to 20-7 and a memory controller
30 controlling a data processing operation of each of the
plurality of non-volatile memory devices 20-1 to 20-7. The
non-volatile memory device 20-1 to 20~/ 1llustrated in FI1(G. 16
may be the same as the non-volatile memory device 20 illus-
trated in FIG. 1, and the memory controller 30 1llustrated in
FIG. 16 may be the same as the memory controller 30 1llus-
trated 1n FI1G. 1.
The electronic device 700 may be embodied in a memory
system or a memory module. According to embodiments, the
memory controller 30 may be embodied 1nside or outside the
clectronic device 700.
FIG. 17 shows a block diagram of a data processing system
including an electronic device 1llustrated in FIG. 16.
Referring to FIGS. 16 and 17, a data storage device 800
which may be embodied in a redundant array of independent
disks (RAID) system may include a RAID controller 810 and
a plurality of memory systems 700-1 to 700-7, where n 1s a
natural number.
Each of the plurality of memory systems 700-1 to 700-7
may be an electronic device 700 1llustrated in FIG. 19. The
plurality of memory systems 700-1 to 700-2 may compose a
RAID array. The data storage device 800 may be embodied 1n
a personal computer (PC) or a SSD.
During a program operation, the RAID controller 810 may
output a program data output from a host to one of the plu-
rality of memory systems 700-1 to 700-» according to one of
a plurality of RAID levels selected based on a RAID level
information output from the host.
Additionally, during a read operation, the RAID controller
810 may transmit data read from one of the plurality of
memory systems 700-1 to 700-7 to the host according to one
of a plurality of RAID levels selected based on a RAID level
information output from the host.
Example embodiments having thus been described, it will
be obvious that the same may be varied 1n many ways. Such
variations are not to be regarded as a departure from the
intended spirit and scope of example embodiments, and all
such modifications as would be obvious to one skilled 1n the
art are intended to be included within the scope of the follow-
ing claims.
What 1s claimed 1s:
1. A method for operating a controller which controls non-
volatile memory comprising:
applying a read command to non-volatile memory;
receving, ifrom the non-volatile memory, first page data
read from a first page of the non-volatile memory and
second page data read from a second page of the non-
volatile memory in response to the read command, the
second page data including original data and an error
location table including error location information cor-
responding to the first page data; and
combining the first page data and at least a portion of the
original data based on the error location information,

wherein the first page data includes at least one error bit
corresponding to a location 1n the error location infor-
mation, and

the second page data includes at least one original bat

corresponding to the at least one error bait.

2. The method of claim 1, further comprising:

performing an Error Correction Code (ECC) decoding

using the combined data.

3. The method of claim 1, wherein first page data and the
second page data are received from different pages.

4. The method of claim 1, wherein the error location infor-
mation includes a location of a repeated error bit.
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5. The method of claim 1, wherein the combining step
includes replacing at least one error 1n the first page data with
at least the original bit 1n the second page data.

6. The method of claim 2, wherein the ECC decoding uses
Bose-Ray-Chaudhuri-Hocquenghem (BCH) code.

7. A controller comprising:

a command generator configured to generate a read com-
mand for a non-volatile memory that causes the non-
volatile memory to read first page data from a first page
of the non-volatile memory and second page data from a
second page of the non-volatile memory; and

a bulfer configured to recerve the first page data and the
second page data, the second page data including origi-
nal data and an error location table including error loca-
tion information corresponding to the first page data, the
builer being configured to combine the first page data
and at least a portion of the original data based on the
error location information,

wherein the first page data includes at least one error bit
corresponding to a location in the error location infor-
mation, and

the second page data includes at least one original bit
corresponding to the at least one error bit.

8. The controller of claim 7, further comprising:

an ECC unit configured to perform Error Correction Code
(ECC)decoding on the combined data.

9. The controller of claim 7, wherein the bufler 1s config-
ured to replace the at least one error bit of the first page data
with the at least one original bit of the original data.

10. The controller of claim 7, wherein the error location
information includes a location of a repeated error bit.
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11. A method for operating a controller comprising:
applying a read command to non-volatile memory;

recerving a lirst page data including at least one error bat,
and a second page data corresponding to the first page
data from the non-volatile memory 1n response to the
read command, the first page data being data read from
a first page of the non-volatile memory device, the sec-
ond page data begin data read from a second page of the
non-volatile memory device, the second page data
including an error location table including error location
information and a first Error Correction Code (ECC)
data, the first ECC data and a location 1n the error loca-
tion information corresponding to the at least one error
bit; and

correcting the first page data by performing a first ECC
decoding on the at least one error bit using the first ECC
data and the error location information.

12. The method of claim 11, further comprising:

performing a second ECC decoding for the corrected first
page data.

13. The method of claim 11, wherein the error location
table includes a location corresponding to a repeated error bit.

14. The method of claim 11, wherein the first page data and
the second page data are received from different pages.

15. The method of claim 11, wherein the first ECC decod-

ing 1s performed using Reed-Solomon (RS) code and the
second ECC decoding 1s performed using Bose-Ray-
Chaudhuri-Hocquenghem (BCH) code.
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